that affect prognoses of conservative treatment for idiopathic UIS. A total of 114 patients who had been diagnosed with UIS were treated with 6 weeks of short arm orthosis followed by formal physiotherapy for 6 weeks, with lifestyle modification to limit aggravating movements. The response to treatment, including pain numeric rating scale on an ulnar provocation test, grip strength, Disability of the Arm, Shoulder, and Hand score (DASH), was assessed at 24-week follow-up. For the 24-week follow-up, 29 patients (25%) underwent ulnar shortening osteotomy due to persistent symptoms after conservative treatment, and 18 (16%) patients had pain scores of greater than 5, but they had not undergone surgery. After controlling for confounding variables, female gender (odds ratio (OR) 1.39), duration of symptom (OR 1.27), high pain NRS score on provocation test (OR 1.45), and enhanced carpal or distal ulna bone on MRI (OR 1.82) were associated with a higher likelihood of treatment failure. Knowledge of the factors offers physicians insight into predicting prognoses and helps patients set realistic expectations.
Little information is currently available to analyze unsatisfactory outcomes after conservative treatment for idiopathic UIS, and knowledge of these factors will offer physicians insight into predicting prognoses and help determine the proper indication for surgical treatment for UIS. The purpose of this study was to analyze the factors that affect clinical symptoms and prognoses of conservative treatment for UIS. We hypothesized that certain demographic, clinical, and radiologic features would be associated with unsatisfactory outcomes.
Materials and Methods
A total of 198 patients diagnosed with UIS at an urban tertiary referral hospital between June 2013 and May 2015 were retrospectively enrolled in this study; the diagnosis had been based on clinical symptoms and physical examination with radiographic confirmation of positive ulnar variance. The inclusion criteria for the diagnosis were (1) a history of ulnar wrist pain that worsened with pronation and ulnar deviation of the wrist during such activities as opening a jar, squeezing a wet towel, typing, or changing the gearshift in an automobile for more than three months; (2) no history of trauma of the forearm and wrist; (3) a positive provocation test (ulno-carpal stress test); and (4) plain radiograph with positive ulnar variance in neutral or pronation power-grip position. Patients underwent complete wrist examinations to rule out other sources of pain such as pisotriquetral arthritis, distal radioulnar joint arthrosis, extensor carpi ulnaris subluxation or tendonitis, or neuritis of the dorsal cutaneous branch of the ulnar nerve. The exclusion criteria were radiographic evidence of an old fracture of the forearm or wrist or radiographic evidence of congenital anomalies such as a Madelung deformity; based on these, 181 patients were approached for study. Of those, 123 patients had undergone MRI to identify abnormality in the TFCC, cartilage, or bone marrow of carpal bones. Among these patients, nine (7%) were lost to follow-up before six months, leaving 114 for analysis here (Table 1) . This study was approved by the institutional review boards of Gil Medical Center, and all participants provided written informed consent. This study did not required any deviation of the current clinical practice and was conducted in accordance with the principles of research involving human subjects as expressed in the Declaration of Helsinki (64th, 2013) and with Good Clinical Practice standard.
All patients had been initially treated with a short arm cast for four weeks followed by a removable short arm orthosis for about two weeks or so as required by the patient. Then, patients received formal physiotherapy with progressive mobility and strengthening exercises for six weeks and offered oral nonsteroidal anti-inflammatory drugs. The frequency of physiotherapy was typically twice per week, but it varied by patient. Patients were also instructed to modify their lifestyle, limiting aggravating movements such as pronation, gripping, and ulnar deviation of the wrist for three months.
Patients returned for their functional assessments at 12 (11) (12) (13) (14) and 24 (22-26) weeks after conservative interventions (Fig. 1) . We measured maximum pain-free grip strength in kilogram-force using a Jamar dynamometer (Asimow Engineering, Los Angeles, CA, USA) with the shoulder and forearm in neutral rotation; the dynamometer was calibrated according to a standard procedure by using standardized test weights, and we calculated the means for three measurements and used these means in the analyses. We also assessed pain severity on ulno-carpal stress test 11 using an 11-point numeric rating scale (NRS), with 0 indicating no pain and 10 indicating the worst pain imaginable. We also analyzed patients' self-reported outcomes with the Disabilities of the Arm, Shoulder and Hand (DASH) score; the DASH is a self-administered, upper-extremity specific questionnaire that consists of 30 items on physical functions, social-role function, symptoms, work, sleep, and confidence 12 . The items are rated on a five-point Likert-type scale where 1 is without difficulty or no symptom and 5 is unable to engage in activity or very severe symptoms. Thus, the DASH provides a best possible score of 0 and a worst possible score of 100. The DASH is user friendly, reliable, and valid for a range of upper extremity disorders 13, 14 . A study investigator who was a trained nurse checked all returned questionnaires for completion, and the participants were assisted in completing the missing items.
We defined treatment failure, the primary outcome of this study, as persistence of pain (NRS score greater than 5) with positive ulno-carpal stress test or surgical intervention at six-month follow-up with conservative treatment. The decision to undergo surgery was mutual between patient and surgeon.
Statistical Analysis. A post hoc power analysis indicated that the sample consisting of 114 patients would provide 90% statistical power with an α of 0.05 for a medium effect size (F 2 of 0.15) for a regression with five main predictors.
We calculated descriptive statistics to determine the patients' demographic, clinical, and radiographic characteristics, in particular, the relationships between potential predictors (demographic or clinical factors: age, gender, hand dominance, education level, work level, symptom duration, initial DASH and pain NRS scores; radiographic factors: degree of ulnar plus variance, TFCC lesion, presence of carpal or distal ulna bone enhancement, arthritis of ulno-carpal or distal radio-ulnar joint) and the outcome variables (pain NRS scores on ulnar provocation test greater than 5 or surgical treatment). We tested these relationships using an independent t test or a one-way ANOVA for categorical potential predictors and a correlation coefficient for continuous predictor variables. We selected bivariate predictors with p < 0.1 on bivariate analysis as candidates for the multivariable linear regression model to prevent model over-fitting, dummy coding the categorical variables and considering the largest subgroup to be the reference group.
Ethical approval. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Results
The mean pain NRS (7.1 ± 3.7 to 3.9 ± 3.0, p < 0.01) and DASH (60.2 ± 14.1 to 37.9 ± 13.9, p < 0.01) scores exhibited significant clinical improvement at the 24 week follow-up (Fig. 2) . For the 24-week follow-up, 29 patients (25%) underwent ulnar shortening osteotomy due to persistent symptoms after conservative treatment. At the 24-week follow-up, 18 (16%) patients had pain NRS scores of greater than 5 on the ulnar provocation test, but they had not undergone surgery. Thus, the proportion of treatment failure was 47 (41%) after 24-week follow-up.
Patients with signal enhancement of the carpal or distal ulna on MRI had significantly higher pain NRS and DASH scores but similar grip strength to those without the MRI findings. However, increased ulnar puls variance, type of TFCC lesion, and arthritis of ulno-carpal or radio-ulnar joint were not associated with initial pain NRS score, grip strength, or DASH scores (Table 2) . Grip strength was negatively correlated with age (r = −0.43, p = 0.02) and significantly higher in male and dominant side than female or non-dominant side (p = 0.01 and 0.04, respectively).
The treatment failure group had significantly higher initial pain scores on the ulnar provocation test, higher DASH scores, and longer symptom duration (p < 0.01, < 0.01, and 0.02, respectively, Table 3 ) but similar grip strength. In terms of the demographic factors, female sex was significantly different between the two groups (p = 0.03, Table 3 ); however, patient characteristics such as age, education level, and manual labor were not 
Discussion
In cases of idiopathic ulnar impaction syndrome, nonoperative treatment should be provided initially because not all cases of radiographic ulnar impaction are symptomatic, and it is crucial to identify predictive factors related to the clinical symptoms and prognoses of UIS; however, few reports suggest specific clinical and radiologic features as predictive factors for conservative treatment of idiopathic UIS. The current study was an attempt to determine Table 3 . Clinical and radiologic differences between treatment success and failure groups. Values are expressed with mean ± SDs or number of cases (proportion); DASH = Disability of the Arm, Shoulder, and Hand score, TFCC = triangular fibrocartilage complex.
SCiENtifiC RePoRtS | (2018) 8:9891 | DOI:10.1038/s41598-018-28060-2 which preoperative clinical or radiologic features were associated with poor outcomes of conservative treatment for UIS. We found that female gender, long symptom duration, high pain NRS score on ulnar provocation test, and enhancement of carpal or distal ulna bone on MRI were associated with a higher likelihood of treatment failure after conservative treatment for idiopathic UIS.
In terms of patient demographic or clinical factors, female gender, longer symptom duration, and initial high pain NRS score on ulnar provocation test were associated with a higher likelihood of treatment failure after conservative management of idiopathic UIS. The natural history of ulno-carpal abutment is thought to be one of persistent or progressive derangement, and a long persistence of symptoms may be attributable to pathologic change to the ulno-carpal joint 7 . Long symptom duration was also reported to be associated with poor outcomes after ulnar shortening osteotomy 15 . The sex difference in treatment outcomes could in part be explained by higher physical vulnerability 16 or pain sensitivity 17 in women; musculoskeletal pain and disability were found to be more prevalent 18 and more severe in women 19 . The ulno-carpal stress test is reportedly highly sensitive but not specific for UIS; other ulno-capal pathology including lunotriquetral ligament injury or isolated ulno-carpal arthritis will produce positive findings 20, 21 . However, our results suggests that pain NRS scores on ulno-carpal stress test in the presence of a history of ulnar wrist pain worsened by pronation or ulnar deviation of the wrist and plain radiograph with positive ulnar variance had significant prognostic value for conservative treatment of idiopathic UIS.
In terms of radiologic factors, patients with the signal enhancement of carpal or distal ulna on MRI had higher pain NRS and DASH scores, and this was the only significant prognostic factor; almost none of the radiologic factors including degree of ulnar plus variance, type of TFCC lesion, or arthritis of ulno-carpal or distal radio-ulnar joint had a significant effect on the treatment failure for idiopathic UIS. These results are consistent with previous findings that diagnostic MRI findings and values are limited in TFCC injury 20 , suggesting that the diagnosis of UIS is made on clinical ground and supported by radiographic studies. However, MRI findings are often a precursor to plain radiographic findings 22 and our results suggest that carpal or distal ulna bone enhancement is distinctive and helps to predict the prognosis. Subchondral bone marrow edema is an indirect sign of chondromalacia and an early UIS finding 22 . One previous study showed that the signal intensity often returns to normal after ulnar-shortening osteotomy 6 . There were a number of limitations to our study. There were no follow-up data on functional outcomes beyond 24 weeks of conservative treatment. Some patients whose symptoms recurred likely had surgery whereas others could have exhibited improvement in objective findings and outcome scores after the study time period. In addition, there is no consensus about the best way of conservative management for UIS although several conservative interventions are routinely used in clinical practice 6, 23, 24 . The conservative treatment protocols with 3-to 4-month duration might be not sufficient for patients with a long symptom duration or bone enhancement on MRI. Second, surgical management is not a precise indicator of the efficacy of conservative treatment because the decision for surgery is multifactorial and not determined entirely by symptom abatement via treatment. Thus, we defined treatment failure as persistence of pain NRS score greater than 5 with positive ulno-carpal stress test result or surgical intervention at six-month follow-up. Furthermore, we only used one questionnaire to evaluate the patients' functional outcomes, but the minimal clinically important differences or responses after conservative treatment for idiopathic UIS could differ across functional assessments, and another functional assessment might have resulted in different conclusions. Third, nine (7%) patients were lost to follow-up before the six-month evaluation, and there were some missing responses and questionnaires in our cohort. Finally, our subjects were limited to one ethnic population drawn from an urban area, and therefore, their characteristics and the study results may not be representative of general populations.
Conclusion
After 24-week follow-up, approximately 60% of patients showed improvements in both objective and patient-reported outcomes after conservative treatment for idiopathic UIS. However, 25% patients underwent ulnar shortening osteotomy due to persistent symptoms after conservative treatment, and 16% patients who had not undergone surgery had pain NRS scores of greater than 5 on ulnocarpal provocation test at the last follow-up. Our study suggests that female gender, long symptom duration, initial high pain NRS score on ulnar provocation test, and enhancement of carpal or distal ulna bone on MRI were associated with a higher likelihood of treatment failure. Although the outcomes are not modifiable, knowledge of the factors that affect unsatisfactory outcomes offer physicians insight into predicting prognoses and interpreting treatment outcomes and can help patients set realistic expectations and increase satisfaction. 
